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MOLECULARLY IMPRINTED BEADED POLYMERS AND 
STABILIZED SUSPENSION POLYMERIZATION 
OF THE SAME IN PERFLUOROCARBON LIQUIDS 

Field of the Invention 

5 The present invention relates to molecularly 

imprinted polymer supports and a method of making these 
supports. More specifically the present invention 
involves arranging polymerizable functional monomers 
around a print molecule using suspension polymerization 
10 techniques which is accomplished with a stabilizing co- 

polymer having the following formula, 



UcH P CH CH P CH— L 

L I Jp L I Jq 



cod. ceo. 

o=c o=c 

I I 

X Y 



wherein, 

X is C n Fw C^^CH^O-, C.F^O- or 

15 Y is (Z) t CH 3 0(CH 2 CH 2 0) m C 2 H 2 -0 or (Z) t CH 3 0 (CH 2 CH 2 0) m - 

and Z is a print molecule; 

n is between 1 and 20; 
m can be zero to about 500; 
p is at least 1; 
20 q can be zero or any positive number; 

r is 1-20 , preferably 1 or 2; 
s is zero or 1; and 
t is zero or 1. 
The polymer support of the present invention is preferably 
25 in bead form and is capable of separating or resolving 

amino-acids, amino-acid derivatives, pharmaceutical 
compounds and poly-saccharides. 
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Background of the Invention 

Molecular imprinting, also referred to as template 
has been used for Ciral separations end Involves arrlg!' 
mo polymenzable functional monomers around a print 
molecule. This i. . chteved ^ utilizing „on- 

Lter, e ct lntera ° ti0nS SU=h " hydr03e " b °"«°' P.ir 
interactrons, etc. (non-oovalent imprinting,, or by 

reversrole covalent inter-action, (covalent i»pri«i„„ 

The resulting complexes are then incorporated by poly- 
merization into a highly crcs-Hnv.,. * 
matrix - <=toss-Hnked macroporous polymer 

matrix Extraction of the print molecule leaves sites in 
the polymer with specific shape and functional groups 
complementary to the original print molecule. Isbach. 

^ ZZ i 1 \ Bi T mlaal sciences - vo1 - - »-«. 
»" \£ '1^ IZZVtTT^- T - - 

^separations ,„,o. T.T. Id'" ^ ^.z^" 0 ''* *" 

Different r.cemic compounds have been resolved via 
molecular imprinting, i.e.. ...„i no - acia derivatives" see 
Andereson. et .1., Molecular interactions in ^separa- 
tions (Ngo T.T. ed.,, Plenum Press, pp. 383-394 199 T 
"erugs... risoher, et .1., j. „. chem Soo ., 
»5a- 9 3 60 . 199a; K empe, et .1., chromatogx " Vol 6M 
PP. 2 76-a, 9 , l 994; and . sugars „, * 
Chem vol. ,,, pp . 3 95 - 400 , 1S91( ai., 
BiooW, vol. 222 , pp. 483 . 488 , „,,.. BMeline ' *«• 
resolution has been achieved in many cases 

An advantage of molecularly imprinted polymers, i„ 
contrast to other chiral stationary phases, is^he 
predicteble order of elution of enantiomers. Imputable 
supports have been prepared from bul* polymerization 
techmgues, using a porogenic solvent to create a Mock of 
macroporous polymer. However, bulx polymerization 
supports must be crushed, ground and sieved to produce 
•PPropriat. particle sizes for us. in s.par.tory coiuls 
end analytical protocols. Po r example, in chroLtogrXnic 
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evaluations, polymer particles smaller than 25 /ua are 
generally used. However, from the bulk polymerization 
process the grinding process used to provide these smaller 
particles from the bulk polymerization process is 

5 unsatisfactory. Grinding produces irregularly shaped 

particles and an excessive and undesirable quantities of 
"fines." Typically less than 50 percent (50%) of the 
ground polymer is recovered as useable particles. 
Irregular particles generally give less efficient column 

10 packing for chromatography and often prove troublesome in 

process scale-up. Hence, uniformly shaped particles, e.g. 
beaded polymers, would be preferable in most cases. The 
grinding process also requires an additional treating step 
to remove the fines, i.e., sedimentation. This is costly 

15 and time consuming. The bulk polymerization and necessary 

grinding process makes this prior art technique labor 
intensive, wasteful and unacceptable. 

Attempts have been made to use suspension and dis- 
persion polymerization techniques for producing beads from 

20 acrylic monomers which can contain imprinted molecules. 

In principle these suspension and dispersion polymeriza- 
tion techniques should offer an alternative to bulk poly- 
merization. However, existing suspension and dispersion 
techniques are not satisfactory because water or a highly 

25 polar organic solvent (e.g. an alcohol) is used as the 

continuous phase for the relatively hydrophobic monomers. 
These solvents are incompatible with most covalent and 
non-covalent imprinting mixtures due to the competition 
between solvent and functional monomers for specific 

30 interaction with the print molecule. Since suspension 

polymerization techniques use the solvent in large molar 
excess, the solvents saturate the monomer phase and 
drastically reduce the number and strength of the inter- 
actions between functional monomers and print molecules. 

35 In addition, because of the high solubility of acidic 

monomers in water, random copolymer ization of monomers and 
cross-linker is probably not achieved. Water soluble 
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^TX? a Zl T 105t *" t0 ^to the 

108, pp. 255-257, 1 984 , Bystrom et al t T 

SOC, Vol. 115, pp. 2081-2083, 1993 with e f a K, 

or metal chelate bonds between runctionaf C ° Valent 

print molecules prior to ZTZ tWCtl0nal »°"°»ers and 

Possible to use l^Z^T""' " ^ " 

v:r 2 r r:: r l n ™ - 

Powers voi 3 ' 1984; 6t 

y rS ' Vo1 ' 3 ' PP- 261-2757, 1985 or TRIM w« 
the preparation requires careful h.L? However, 
of imprinted polymer per unit col * ^ ^ V ° 1, ~ 

b y the beads themselves " " ineVitabl * "duced 

Sellergren, b. , j. chromatogr. Vol fi -7„ 
"1, 1994 and Sellergren b ZTl Z ' " 3 ~ 

1578-1582, 1994 reoLt V" " ^ PP ' 

ffier . ar ' . ' report tne use of dispersion poly- 

ImorLt " 9 P ° lar S ° 1Vent mlXtUre *« -ocular 
rather r* ^ Pr ° dUCeS r — P-cipitates 

rE-T-'--" «™ = .s- 

° Pre " nCe ° f «=»»P-ti„g solvent effects 

reproduoih!., does not eoeproeise the ^ J^e 
sprints obtained end elites the need for ori^ 
=i.v lna e^uip.ent. A need ex.„ e^ts fo r . no I " a " r * " 
ieprmt.d poller heed that i. uni£orlt . ° le ="l«r 
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Summary of the Invention 

The present invention relates to molecular imprinted 
polymer supports and their preparation via suspension 
polymerization. The suspension techniques according to 
5 the present invention provide for molecular imprinting by 

using a perf luorocarbon liquid containing polyoxyethylene 
ester groups as the dispersing phase. The perfluoro- 
carbon-polyoxyethylene ester containing group compound 
does not interfere with the interactions between 

10 functional monomers and print molecules that are required 

for the recognition process during molecular imprinting. 
Controllable "support" particle sizes from about 2fim to 
about 100/xm are obtained by varying the amount of 
stabilizing polymer, or agitating technique. 

15 Accordingly, it is an object of the present invention 

to provide a method that enables imprinted polymers to be 
easily produced, in beaded form with an almost quantita- 
tive yield of useable material. 

It is another object of the present invention to 

20 provide a fluorocarbon copolymer that stabilizes the 

emulsion in suspension polymerization processing without 
interfering with the interactions between functional 
monomers and print molecules. 

It is a still further object to stabilize an emulsion 

25 of functional monomers, cross-linkers, print molecules, 

initiators and porogenic solvents. 

Another object of the present invention is to provide 
molecularly imprinted polymer bead having a size of about 
2 to about 100 firn, in high yield. 

30 A still further object of the present invention is to 

provide small, about 2-5/na, beaded packings that provide 
low back pressure, rapid diffusion, and good separation at 
high flow rates. 

These and other objects and advantages will become 
35 more apparent in view of the following description and 

attached drawings. 
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10 



15 



20 



25 



30 



35 



Brief Description of the Drawings 

F ^re 1 shows a graph of bead diameter versus 

PFPS quantity added for a "standard 
polymerization" containing i. 84g edma 
0.16g MAA, 4 .2g chloroform and 20mg 
AIBN emulsified in 20ml PMC 
Figures 2a-2e show scanning electronmicrographs of 
beads produced from suspension 
polymerization in pmc in accordance 
with the present invention where the 
beads were placed on aluminum pegs and 
sputter coated with 15mm gold using a 
polaron E5150 coater. The images were 
obtained using an ISI 100A SEM at 
25kV. The magnification is 500x 
2(a) PF2 ; 2(b) PF10; 2(c) PF13 ; 2(d) 
PF14; and 2(e) PF15. 
^gure 3 snows an HpLC trace separat Qf 

Boc-D,L-Phe by a 25cm column of 
Example PFll. Conditions: the column 
was equilibrated with chloroform 
(CHcl 3 ) + 0.1% acetic acid (AA); 2 0 n 
Boc-D,L-Phe was injected and eluted 
with the same solvent at a flow rate 
of O.smlmin-'. The chromatogram was 
recorded at 254nm. 
Figures 4a-4e show HPLC traces showing separation of 
Boc- D> L-Phe by a 25 cm column of 
Example PF15 (5 M m TRIM beads) . 
Conditions: the column was 
equilibrated with chloroform + 0.25% 
acetic acid; 1 og Boc-D,L-Phe in 20^1 
mobile phase was injected and eluted 
with the same solvent at flow rates of 
4(a) o.smlmin'; 4(b) imlmin'; 4 (c) 
2mlmin"; 4(d) 3mlmin«; and 4(e) 5ml- 
W. At 0.5 ml-min", f/g « 0 .89, Rs 
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= 1.3 6 and a = 1,52 f/g values were 
0.89, 0.89, 0.85, 0.76 and 0.61 at 
0.5, 1, 2, 3 and 5mlmin _l respectively. 

Detailed Description of the Invention 

5 According to the present invention, a suspension 

polymerization technique based on emulsion of noncovalent 
imprinting mixtures formed in liquid perf luorocarbons that 
contain polyoxyethylene ester groups, is provided. Most 
prior art suspension and dispersion techniques use water 

10 or a highly polar organic solvent (e.g. an alcohol) as the 

continuous phase for the relatively hydrophobic monomers, 
which is not fully satisfactory. Accordingly, a different 
approach is required. The present invention provides the 
"different approach." In addition, the drawbacks of prior 

15 art processes, e.g., solvents that are incompatible with 

most covalent and non-covalent imprinting mixtures due to 
the competition between solvent and functional monomers 
for specific interaction with the print molecule are 
avoided. The present invention avoids the use of 

20 dispersants which interfere with the interactions that are 

required for recognition between print molecules and 
functional monomers. In order to create reasonably stable 
emulsion droplets containing monomers, cross-linkers, 
print molecules, porogenic solvents, and fluorinated 

25 surfactants, the invention uses a perf luorocarbon polymer 

that also contains polyoxyethylene ester groups, with or 
without a print molecule for providing surface imprinting. 
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The stabili 2ing/dispersing 
invention is generally define<J fey ^ ^ 

-fcH 2 CH^CH 2 CH^_ 



v 1 
X Y 



wherein, 

n is between l and 20; 

m can be zero to about 500; 

P is at least l; 

q can be zero or any positive number; 
r is 1-20, preferably l or 2; 
s is zero or l; and 
t is zero or 1. 

Block, triblock and multiblock copolymers for n ~« , 
monomers CP com/^t,, "polymers formed from the 

pr" * t -^ ta »/«*— - accost th \ 

present invention is a eopoivner containing nonler A 
defaned by the formula: * 

defined . ^'^''^•'W'-eo-CH.CH, and conononer B 
aefaned by the formula: 

CH 3 0 ( CH 2 CH 2 0) .nCjHp-CO-^CHj , 
where n is between 1 and 20 and m 

Preferable „ • ^ is between 0 and 500. 

Preferably, „ 1S about 7.5 and m is about 43 Mos * 
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-f 



CH 2 CH- 
i 

o-c 
I 

X 



P L 



•CH 2 CH- 
I 

0=C 
I 

Y 



Jq 



wherein, X is C n F 2o+1 S0 2 N (cy^) C 2 H 2 -0; 

Y is Z t CH 3 0(CH 2 CH 2 0) m C2H 2 -0 and Z is a print 

molecule; 

n is between 1 and 20; 
5 m can be zero to about 500; 

p is at least 1; 

q can be zero or any positive number; 
s is zero or 1; and 
t is zero or 1, and 
10 enables the production of spherical beads in high yields 

via a suspension polymerization process. Preferably, m = 
about 7.5, n = about 43, p = about 19 and q = about 1. 
The values m, n, p, and q need not be whole numbers. 

As a result of using the stabilizer of the present 
15 invention, the physical characterization of beads is 

achieved either by utilizing non-covalent interactions 
such as hydrogen bonds, ion-pair interactions, etc. (non- 
covalent imprinting) , or by reversible covalent inter- 
actions (covalent imprinting) between the print molecule 
20 and the functional monomers. The complexes formed are 

then incorporated by polymerization into a highly cross- 
linked macroporous polymer matrix formed from the copoly- 
merization of different acrylic monomers. Extraction of 
the print molecule leaves sites in the polymer with 
25 specific shape and functional groups complementary to the 

original print molecule. 

The print molecules that can be used in the present 
invention include, but are not limited to: 
1. D- and L-Boc tryptophans 
30 2. D- and L-Boc phenylanalines 

3. D- and L-phenylanalines 

4. D- and L-Boc-proline-N-hydroxsuccinimide esters 
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10 

5- D- and L-Cbz tryptophans 

6. D- and L-Cbz-aspartic acids 

7. d- and L-Cbz -glutamic acids 

8. D- and L-cbz-tryptophan methyl esters 

10 ? -^ Phenyl * * nd * L-galactosides 

10. (S)-(-) timolol 

11. D-fructose 

12 . D-galactose 

13. phenyl <*-D-mannopyranoside 

14. acryl a and 0 glucosides 

15. (R) -phenylsuccinic acid 

16. Ac-L-Trp-OEz 

17. L-Phe/JNA 

18 . L-LeuAn 
19- L-PheAn 

20. L-PheGlyAn 

21. L-MenPheAn 

22. L-PyMePheAn 

23. L-PLPheAn 

24. N-Ac-L-Phe-L-Trp-OMe 

25. diazepham 

26. propranolol 

27. ephidrine 

However the Boc- D- r r>w 

REAGENT PREPARATION 
MONOMERS 

Ethylene glycol dimetha cry late (VT>J**^ 

w«ri ng t,„, „» were used J£U™ f 

-thylpropicnitrUe (AIBN) calHrl. i 2 ' 2 a2 ° bis < 2 " 
Goe 1; Belgium. ' fr0n Janssen <*i»lca. 
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11 



10 



15 



20 



2- (N-ethylperf luoroalkylsulphonamido) ethanol (PFA-1) 
(Fluorochem, Old Glossop, UK) , PEG2000 monomethylether 
(MME) (Fluka Chemic A.G., Buchs, Switzerland) and 
PEG350MME (Sigma, St. Louis, MO) were converted to their 
acrylates by reaction with acryloyl chloride and tri- 
ethylamine in dichloromethane, were also available 
commercially (from Fluorochem and Polysciences 
respectively) . Perf luoro(methylcyclohexane) (PMC) and 
Fluor ad FC430 were also obtained from Fluorochem. 

IMPRINT MOLECULES 

Boc-D-Phe, Boc-L-Phe and Boc-D, L-Phe were obtained 
from Bachem A.G. , Bubendorf, Switzerland). (Boc^tert- 
butoxy carbonyl; Phe=phenylanaline) . 

POROGENIC SOLVENTS 

Chloroform (CHC1 3 ) (HPLC grade) was passed down a 
basic alumina column to remove ethanol and stored over 
molecular sieves for use as porogenic solvent during 
imprinting. For HPLC it was used as received. Toluene 
was dried with sodium and acetonic with molecular sieves 
prior to use. Other solvents were of analytical grade or 
better and were used as received. 

PREPARATION OF STABILIZERS 

The most emulsion stabilizing/dispersing polymers 
(PFPS) according to the present invention are defined by 
the formula 



wherein, X is CJ^SOjNfCjHj) C 2 H 2 -0; 

Y is Z t CH 3 0(CH 2 CH 2 0) m C 2 H 2 -0 and Z is a print 

molecule; 




X 



Y 
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n is between l and 20; 

m can be zero to about 500; 

P is at least l; 

q can be zero or any positive number; and 
t is zero or l, 
and in particular where n is about- 7 * 

is about 19 and q is abo ; t \ S . ab ° Ut ? - 5 ' » 15 about p 

Example 1 

4g acryloyl PFA-1 (7.2 mmole) 

««* (0.36 mmole) defined by the formula- 
CH 3°C CH 2CH 2 0) B C 2 H 2 -CO-CH=CH 2 , 

more turbid on coolim, JL l, Z °™* 

" e resultln 9 Polymer was a sticky Dale v*n™ 
Paste which was used without further tre^t/ 

si»n ^ P ° lymer Stabili2ers ^re synthesized in a 
similar fashion using the appropriate ratio ^ 
and 1 mole % of atrn »,i f monomers 
vary ing fj ^s^o ver y IT T * ^ 
composition. 7 " P * SteS de * e <^ng on the 

Suspension P a i r ^ Tn Hntii 

The amount of porogenic solvent required to W 

: so . borosmo : t r * ;r:„r r:rr ~/ n 

s hake „ to give a u „ lfor „ wMte ^ opaiMcent JU««* ^ 
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ml of "imprinting mixture" , (Table 1) was added and 
emulsified by stirring at 2000 rpm for 5 minutes. 



TABLE 1 



Ex.* 


Print Molecule 


MAA 
(a) 


EDMA 
vy / 


Solvent (g) 


PFPS 


PF1 


Boc-L-Phe (120) 


0.16 


1.84 


CHC1 3 (4.2) 


10 


PF2 


Boc-L-Phe (120) 


0.16 


1.84 


CHC1 3 (4.2) 


25 


PF3 


Boc-L-Phe (120) 


0. 16 


1.84 


CHCI3 (4.2) 


50 


PF4 


Boc-L-Phe (120) 


0.16 


1.84 


CHCI3 (4.2) 


75 


PF5 


Boc-L-Phe (120) 


0.16 


1.84 


CHCl 3 (4.2) 


100 


PF6 


Boc-L-Phe (120) 


0.16 


1.84 


CHCI3 (4.2) 


200 


PF7 


Boc-L-Phe (120) 


0.16 


1.84 


CHCI3 (4.2) 


500 


PF8 






X . OH 


WICX3 \ H • Z ) 


Z D 


PF9 


Boc-L-Phe (120) 


0.48 


1.84 


CHCI3 (4.2) 


25 


PF10 


Boc-L-Phe (120) 


0.64 


1.84 


CHCI3 (4.2) 


25 


PF11 


Boc-L-Phe (68) 


0.265 


1.84 


CHCI3 (4.2) 


25 


PF12 


Boc-D, L-Phe 
(120) 


0.16 


1.84 


CHC1 3 (4.2) 


25 


PF13 


None 


0.16 


1.84 


toluene 
(2.45) 


25 


PF14 


None 


0.16 


1.84 


acetone 
(2.25) 


25 


PF15 


Boc-L-Phe (308) 


0.4 


1.57 
TRIM 


CHCI3 (4.6) 


100 


PF16 


Boc-L-Phe (308) 


0.4 


1.57 
TRIM 


CHCI3 (4.6) 


25 



The beads prepared according to the present 
invention, as well as the comparative examples, 
are designed with the PF code numbers in column 
1 of the table. 



25 The polymerization apparatus used for all polymeriza 

tions in the present invention comprised a 50 ml boro- 
silicate glass tube with screw lid, the center of which 
was drilled to allow the shaft of a stainless steel flat 
blade stirrer to pass there through. The stirrer blade 
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Z ZT t T'T the length ot 0,6 tute - * ~ M11 

Iddlti T e ™P°»*"n through this hole. An 

to u ,« WTl h ° le in Ud all °" ed * """gen^tream 
to be fed into the tube via a syringe needle The t„H= 

the tube end ^^"£71^" 
slumrnum foil to maximise reflected li, ht 

oren,^ 1Si ! nS dMl » Mt * d Ppl -^» in Table ! above were 

m.. :„: ~ n was — 
:e„™ lati ° n - ~- -ooTtZ«a:rrrr 

gentle mtrogen street stirring at 500 rpm. Pol „- 
merrzat^n was oontinued for 3 hours. The resultino 
Polymer pertioles (beads, were filtered on Wintered 
glass funnel and the PMC recovered Th„ „. " nt " ed 
extensively with acetone, sonicating Z\ZTZ7 ^ 
aggregates of beads (larg. aggregate's were "ro^p " 

strinV^"" 9 " ith " SPatUU) ' b «™ - 
»eri/ arying ^ a " ,OUnt ° £ PPPS Us,d durI "9 the poly- 

standard deletion forleads .ad. St^.~ " " 
present invention using different amounts Tt'rZ \ 
standard was prepared with 2 g cf monomers in a mi total 
volume (see Table i, . l0 „ PFPS is « x J/^" 
«o range where stable emulsions can be formed and guite . 

lot of aggregate was also present in rh{o , 

... fie&em; in tnis samnle. ttc i r.™ 

^1.°: :rr r ppps 9ave ° niy ~* 

espies 2 " m ' "° bMdS — '--tent in these 

Comparative Examples 

Two commercial fluorinated surfactants (polyfluoro- 
alcohol and £luorM re „ 0) _ ^J^ 0 " 

-ryloyl PPa-!. a range of ranaoB £ « 
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PFA-1 with styrene, xaethyl methacrylate or benzyl meth- 
arcylate, and graft copolymers containing perf luoroester 
groups and PEG groups attached to the main acrylate chain, 
were also evaluated as stabilizers . Most of these, how- 
5 ever, proved to be ineffective. The process was hindered 

by the high density of the dispersant which caused rapid 
"creaming" of the emulsion, thus favoring coalescence of 
dispersed droplets. 

Polyacryloyl PFA-1, alone, was evaluated and gave 

10 sufficiently stable emulsions for suspension polymeriza- 

tion and gave good quality beads. Unfortunately, due to 
its poor solubility, this surfactant proved to be 
extremely difficult to remove from the surface of the 
beads after polymerization, resulting in extremely 

15 hydrophobic surfaces. 

The most effective emulsion was achieved using a 
copolymer of acryloyl-PFA-1 and acryloyl-PEG2000MME (mole 
ratio 20:l-termed PFPS) 



MOLECULARLY IMPRINTED BEAD PROPERTIES 
20 SIZE 

The type of emulsif ication impacts the polymerization 
process and the resulting molecularly imprinted beads. 
The preferred method involved stirring at about 2 000 rpms 
for about 5 minutes and gave good uniformity and repro- 
25 ducibility for a bead having a size of between 2 and 25/xm. 

Five separate polymerizations performed on different days 
using 25mg PFPS as the emulsif ier gave a mean bead size of 
19.7/xm and a standard error of 0.6pm. 

Emulsif ication in an ultrasonic bath for 5 minutes 
30 gave a much broader size distribution with an excessive 

quantity of small particles. Conventional shaking in a 
tube 3 or 4 times gave good results if larger beads were 
desired, i.e., 40/xm to about 100pm. 

The polymerization temperatures also affected the 
35 polymerization process and resulting beads. Attempts to 

use thermal initiation at 45°C using ABDV as initiator 
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10 



15 



20 



gave only small irregular fragments, ov initiation of 
Polymenzatxon at 4-c lea to a large amount of aggrega- 
tion. Host polymerisations were performed at ambient 
temperature (about 20 . C) , i.e. at least about is-c. 
although some temperature inorease oocurred during poly- 
merrzatxon due to the proximity of the ov lamp. Lly- 

ambient temperature reaohed 30-c, gave slightly smaller 
impact T *** temperature oan also 

results " hile 3tl11 Pr ° Viding "Ptoduoible 

Polymerizations were slso serried out in a range of 
so vents commonly used t „ ~ 

chloroform, toluene, aoetonitrile and acetone The 
polymerisation method can use all of these solvents and 
hence should be appropriate for most imprinting 
situations . However, the preferred solvsnts are 
ohloroform, toluene and acetone, The size and surface 
structure of the beads produced also depends on the 

TITltl 8 T nt " Sed - B ° th t0lUane ^ 1 »<"» - -an 

chloroform^. ^ * 9 ™ ^ *«- «-» 

chloroform 18pm ± 8p m) for 2 5mg of pfp s in , ..standard" 

polymerization. 



25 



30 



35 



Bead size Distributions 

Suspensions of beads in aoetone were dried onto 
horoscope slides and about 150 beads measured at random 

^Z 3 !:: 11 "" gratiCUle ^ ^ ° PtiCal ^"scope 
Esther lOOx or 400x magnif ioation was used depending on 

the partxcle si 2e . So me samples were also imaged by £ 
Measurements made from these images oompared well wlth^he 
results from optioal determinations. * 



SEM 



Polymer beads were placed on aluminum pegs and 
sputter coated with l5nm gold using a Polaron E5150 gold 
coater. images were then obtained using an isi iooa SEM 
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at 25kV in order to compare the sizes, surfaces and pore 
structures of beads produced under different conditions. 
Scanning electron micrographs of some of the beaded 
polymer preparations are shown in Figures 2a-2e. The 
5 method according to the present invention produces 

substantially spherical beads, both for EDMA(2a-2d) and 
TRIM(2e) based polymers, and using a variety of porogenic 
solvents. The incidence of defects, such as surface 
indentations or small holes, is somewhat higher than is 

10 usually observed for water-based suspension polymeriza- 

tions in water. The morphology of the beads is typical of 
beads made by suspension polymerization with a slightly 
denser and smoother surface layer covering a more porous 
structure in the interior. 

15 The beads made using acetone as porogenic solvent 

(Figure 2d) differed from the others. They were larger, 
had much rougher surface morphology and more "debris" on 
their surfaces than those prepared using chloroform or 
toluene. The beads made with toluene as porogenic solvent 

20 had a less dense surface shell and somewhat more porous 

interior structure than those made with chloroform. 
Figure 2b shows beads of polymer PF9 which has a lower 
proportion of cross-linker than that in Figure 2a (polymer 
PF2) . The beads in Figure 2b are much more irregular and 

25 distorted, suggesting that these particles might remain 

softer and deformable for longer during polymerization and 
hence are more prone to distortion due to shear or 
collision. The internal morphology of these beads also 
appeared to be more open and porous than that of polyer 

30 PF2. This might contribute to the better HPLC performance 

of the latter. The beads of Fig. 2(c) show PF13 beads and 
Fig. 2(e) PF15 beads. 

HPLC 

To confirm that the polymer beads made according to 
35 the present invention are molecularly imprinted, and that 

the quality of the recognition sites is at least as good 
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Methods, a ran9 . of polymers t 

evaluated bv kpth m*,,. y c Fne w ^re 

deal of * SyStem WM Chosen s ince a great 

deal of information is avaiiahio ^ great 
traditions w avail able on the performance of 

traditional crushed bulk polymers ^ « 

. poxymers imprinted with Boc-Phe 

The columns were washed with 250 m-. » , solvent. 

(g.j, an , . ltn 250 ml methanol: acetic acid 

l».ij and then equilibrate u uk . , 

polymers are summarized in Table 2. 



WO 96/37527 



PCTYUS96/06972 



19 



CM 







H n o ^* 
in n rsin vo co 

o o o o o o o 


tic Acid 


cn 


co co vo cn co 
cm cn vo ^ cn CO 

*••••• 

o o o o o o o 


bic Acid 


Rs 


cn co to cn t** to 
in co ^ co <n 

O O © O O H O 


(0 


vo h cn co co co 
cm n vo ^ 5r o 

• ••••• 

O O O O O H O 


CHC1 3 +0.1% Ace1 


Alpha 


(Tl CO CO H CN 
O CO VO CO CO CO 
• •»••• 

CM H H H H H O 


I- 0.25% Ace 


Alpha 


H cn cn co h 
co I s * co p* cn 
• ••••• 

rH H H H rH rH O 


rJ 


^ cm co H h n 
co co cn 
• •••••« 

rl H H PJ H H O 


cj 

K 
CJ 




CO Cn rH rH 

cn co rH in 

• • • • • • 

O O rH rH O rH O 




Q 


cn cm ^ h cn 
vd h Tt 
• •»*••• 

O O H iH O O O 


Q 


n vo ro 

in in vo co 
• ••••» 
o o o o o o o 


% x-link 


in 

co vo in r* co 


% x-link 


in 
• 

o rH cm *o in in o 
co f** vo in {*■* co 


Print 
Molecule/MAA 
Ratio 


CM \0 CN CN 
Tf CO H H H H 


Print 
Molecule/MAA 
Ratio 


CM VO CM CM 
^ CO H H H H ^ 


rH rH rH rH rH rH H 


r-i r4 r4 r4 r* r4 


Polymer 


■K 

O H rH CM 
CN CO ^ H H H H 
Cn Pm Cm Cm Cm Cm Cm 
(X fXi CU (Xi CU Pd 


Polymer 


* 

O rH H CM 
CM CO Cn rH rH rH rH 
CM (X, Cm pL| Em (m CM 
04 0* 04 ft 0* 0< 



in o m 



PCT/US96/06972 



20 



As the ratio of MAA to print molecule increased the 
retention times and hence the capacity factors increased 
due to greater non-specific interaction. The a-values 
however, stayed almost constant at about 1. 8 . This is 
very similar to values obtained under similar conditions 
for ground and sieved bulk Boc-Phe polymers (range 1.77 to 
2.17). The optimum resolution was found at an MAA: Boc-Phe 
ratio of 12:1, the value of 0.83 being good for a 10cm 
column, using a longer column (25cm) of polymer PF11 
resulted in near baseline resolution of the enantiomers as 
has previously been reported for bulk polymers. The 
chromatogram for this separation is shown in Figures 3 
Polymer PF9, which was only 62>5% cross _ linked/ ^ 
better than polymer PFll, which had the same print 
molecule:MAA ratio but was 75% cross-linked. it has 
previously been shown that separations improve as the 
degree of cross-li„ki„ g increases within this range, but 
this was not observed in these experiments. Polymer PFli 
was made using less print molecule (see Table 1) since it 
is not possible too vary these parameters independently, 
and it is thus not clear whether the improved resolution 
was due to the larger number of binding sites or to 
changes in polymer morphology as a result of the lower 
cross-linking, such observations indicate that signifi- 
cant improvements in separation can be achieved by careful 
optimization of the many compositional and operational 
variables. The simplicity and speed of the bead poly- 
merization method makes extensive optimization possible 

It has previously been suggested that polymers based 
on the Afunctional cross-linker TRIM had much better 
resolution and load capacity than EDMA-based polymers for 
a range of di and tripeptides. m order to further 
evaluate the suspension polymerization method according to 
the present invention, imprints of Boc-L-Phe were made in 
a TRiM-based polymer. Beads produced using loomg of pfps 
(PF15) had an average diameter of 5.7 M m, and those using 
25mg PFPS (PF16) a diameter of I8.8„m, very similar to 
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what would have been expected for EDMA-based polymers with 
the same amount of stabilizing polymer. Thus, in terms of 
bead-size prediction, TRIM and EDMA seem to behave very 
similarly. An SEM picture of beads of PF15 is shown in 
Figure 2e. These beads were tested by HPLC and gave 
excellent resolution and high load capacities, as was 
noted for the ground and sieved block polymers. The 
packed column had very low back pressure, and high resolu- 
tion could be achieved, even at quite high flow rates. 
Figures 4a-4e shows a series of chromatograms for flow 
rates between 0.5 and Smlmin 1 , i.e., 0.5 ml/min, 1 ml/min, 
2 ml/min, 3 ml/min and 5 ml/min. Little difference was 
observed between 0.5 and 2mlmin* 1 , suggesting that 
diffusion rates are rapid for these small beads. The back 
pressure was very low and resolution excellent (f/g=0.89, 
0.89 and 0.85 at 0.5, 1 and 2mlmin-l respectively). 
Reasonable resolu-tion (f/g=0.61) was still achieved at 
5mlmin-l (back pressure 1300psi) . Ground and sieved 
random <25/xm particles do not usually perform well at flow 
rates above lmlmin-1. Working with crushed bulk polymers 
in the 5pm size range is difficult. Extensive defining is 
required to avoid high back pressures in HPLC columns, and 
sieves below 10/nn are unobtainable, making it necessary to 
use alternative size fractionation techniques. This 
result indicates that the beaded imprinted polymers should 
have significant advantages over "traditional" ground and 
sieved block polymers, both in the case of preparation and 
in the performance of the resulting columns. 

It is also contemplated that because the stabilizer 
of the present invention is essentially chemically inert, 
it may be used as a dispersant for making beaded polymers 
containing water-sensitive monomer units, e.g., acid 
chlorides or anhydrides. 
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Although the foregoing invention has been described 
xn some detail by way of illustration and example for 
purposes of clarity of understanding, it will be obvious 
to those silled in the art that certain changes and 

sptrxt'nd 0 " * PraCtiCed «- 
spirat and scope thereof as described in the specification 

and as defined in the appended claims. 
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WE CLAIM: 

1. A suspension polymerization stabilizer 
comprising a copolymer containing monomer units A defined 
by the formula: 

5 CnF^+jSOjNfCjHjJCj^O-CO-CH^CHj and comonomer units 

B defined by the formula: 

CH 3 0 ( CH 2 CH 2 0) m C 2 H 2 0-CO-CH=CH 2 , 
where n is between 1 and 20 and m is between 10 and 70 and 
about 500. 

10 2. The stabilizer according to claim 1, wherein n 

is about 7.5 and m is about 43. 

3. A polymer defined by the formula 



-f 



CH 2 CH- 



JP L 



•CH 2 CH 



l J 



C0D B C0D s 

o=c o=c 
I I 
X Y 



wherein, 

X is cyPa. +li C n F^ x {CU 2 ) , CJ^O- or 
15 C^+jSOjN (CjHj) C 2 H 2 -0; 

Y is (2) t CH 3 0(CH 2 CH 2 0) m C 2 H 2 -0 or (Z) t CH 3 0(CH 2 CH 2 0) m - 
and Z is a print molecule; 

n is between 1 and 20; 

m can be zero to about 500; 
20 p is at least 1; 

q can be zero or any positive number; 

r is 1-20, preferably 1 or 2; 

s is zero or 1; and 

t is zero or 1. 
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wherein, 



integer. 
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A polymer defined by the formula 
— f CH 2 CH i-I-CH 2 CH J 

L o=c Jp L I Jq 



:C 
I 

X 



o=c 
I 

Y 



X is C.Fjb+iSOjNCCjHjJCjHj-O; 
Y is CH 3 0(CH 2 CH 2 0) nC2 H 2 -O; 
n is between 1 and 20; 
m is between 0 and 500; 

P is at least l; and q zero or any positive 



is abL JT StaMli2er acco ^ to olaim 1, wherein n 
about 7.5 and m is about 43. 

6. A stable emulsion comprising an emulsion of 
imprinting molecules in liquid perf luorocarbons 
containing polyoxyethylene ester groups. 

liouJ^ enUlSi ° n aCC ° rdin ^ to c ^im 6, wherein said 

liquid fluorocarbon is a copolymer. 

Co™/' eraUlSi ° n aCCOrdin * to cl *i» wherein said 

copolymer 1S formed from the polymerization of monomer A 
and comonomer B, 

wherein monomer A is defined by the formula 

C^.SOjNCCjH^CjHj-CO-CH^, and 
comonomer B is defined by formula 

C^OCCHjCH^C^-CO-CH-CH,, where 
n is between 1 and 20, and m zero to about 500. 
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9. An emulsion comprising imprinting molecules and 
a polymer defined by the formula 



PcH 2 CH CH-CH -4 

L i Jp L i J 



C ?3e 
0=C 

X 



co 3s 

o=c 
I 

Y 



10 



wherein, 

X is CJ^+u C n F 2n+1 (CH 2 ) r O-, C n F 2n+1 0- or 
C n F 2n+1 S0 2 N (C 2 H 5 ) C 2 H 2 -0- ; 

Y is (Z) t CH 3 0(CH 2 CH 2 0) m C 2 H 2 -0- or ( Z) t CH 3 0 (CH 2 CH 2 0) B - 
and Z is a print molecule; 

n is between 1 and 20; 

m can be zero to about 500; 

p is at least 1; 

q can be zero or any positive number; 
r is 1-20 , preferably 1 or 2; 
s is zero or 1; and 
t is zero or 1. 



15 



10. An emulsion comprising imprinting molecules and 
a polymer defined by the formula 



UcH 2 CH CH 2 CHH 

L o=6 IT i ~ 



i 

X 



o=c 
I 

Y 



wherein, X is C n F 2n+ ,S0 2 N(C 2 H s ) C 2 H 2 -0; 

Y is CH 3 0(CH 2 CH 2 0) (B C 2 H 2 -0; 
n is between 1 and 20; 
20 m is zero to about 500; 

p is at least 1; and q is 

integer . 



zero or any positive 
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») fo«i„ g a rMotlon Blxture contiiii . ng! 

1) a nixture of distinct acrylic 
monomers ; 

2) at least one crosslinking agent; 
J) at least one initiator; 

4) at least one molecular imprint 
molecule; and 

b) IL at . l6aSt one Pyogenic solvent; and, 
P-ence *\ s ~" — in the 

Polyoxyethylene est e ^ groZ toT' PerflU — bon «- 
Polymer particles. Molecul «ly imprinted 

12. The process according to claim 

stabilizer is chemically inert ' Said 

13. The process according to claim n 

acrylic monomers are methacrylL Li a l Said 
dimethacrylate. eth y le "* glycol 

14. The process according to claim n 
-abili^r is a poller defined' by lll^T^ 

-{CH 2 CH^CH 2 CH^ 



°=9 o=c 



i 

Y 



wherein, 

n is between l and 20; 

» can be zero to about 500; 
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p is at least 1; 

q can be zero or any positive number; 
r is 1-2 0 f preferably 1 or 2; 
s is zero or 1; and 
t is zero or 1. 



15. The process according to claim 11, wherein said 
stabilizer is a polymer defined by the formula 



CH 2 CH- 
i 

I 

X 



JP L 



•CH 2 CH. 
I 

0=C 
I 

Y 



Jq 



wherein, X is C n F 2n+1 S0 2 N(C 2 H 5 ) C 2 H 2 -0; 

Y is CH 3 0 ( CH 2 CH 2 0 ) m C 2 H 2 -0 ; 

n is between 1 and 20; 

m is zero to about 500; 

p is at least 1; and 

q is zero or any positive number* 



16. A process according to claim 11, wherein prior 
to polymerization an emulsion is formed from components 1- 
5 and said stabilizers. 

17. A process according to claim 16 , wherein the 
reaction mixture is mixed for approximately 5 minutes at 
about 2000 rpms to form said emulsion. 

0 18. A process according to claim 16, wherein the 

polymerization is conducted at temperatures between less 
than about 20 °C and about 30 P C. 



19. A process according to claim 11, wherein said 
polymerization is initiated by ultraviolet radiation. 

20. A process according to claims 11, 14 or 15, 
wherein said polymer particles are beads. 



WO 96/37527 



PCT/US96/06972 



28 



10 



15 



20 



25 



n«i ™ 21 ' * Pr ° CeSS aCC ° rdin 9 to °laim 12, wherein said 
poller particles provide a uniform surface for repro- 
ducible surface presentation. 

22. a process according to claim 17, wherein said 
beads are spherical in shape. 

bead ' h 3 ' A Pr ° CeSS acc °r«ing to claim 20, wherein said 
beads have a diameter of from about 2 to loo microns. 

bead/h' A PrOC6SS aCC ° rdin * to <=laim 20, wherein said 
beads have a diameter of between 2 and 50 microns. 

bead A Pr ° CeSS aCC ° rdin ^ to c lai» 20, wherein said 

beads have a dxameter of between about 5 and 25 microns. 

Dor J n 6 : A f ° CeSS ^cording to claim 11, wherein said 
porogenic solvent is selected fv*™ 

app . nM . , selected from the group consisting of 

acetone, chloroform and toluene. 

27. A process according to claims li, 14 or 15 
wherein said molecular imprint molecule is capable of 
separating or resolving amino-acids, amino-acid 
derivatives, pharmaceutical compounds and polysaccharides. 

28. a process according to claims 11, 14 or 15 
wherein said molecular i„p rint molecule is ' 

and L ' Boc amino acids and their derivatives. 

Am0leCUlarl y tinted support formed from at 
least two distinct acrylic monomers and at least one 
imprinted molecule to form beads having a uniform surface 
for reproducible surface presentation. 

30. a particle according to claim 29, wherein said 
beads are spherical in shape. 



WO 96/37527 PCT/US96/06972 



29 

31. A particle according to claim 30, wherein said 
beads have a diameter of from about 2 to 100 microns. 

32. A particle according to claim 31, wherein said 
beads have a diameter of between 2 and 50 microns. 

5 33. A particle according to claim 32, wherein said 

beads have a diameter of between about 5 and 25 microns. 

34. A particle according to claim 29, wherein said 
acrylic monomers are methacrylic acid and ethylene glycol 
dimethacry late . 

10 35. A particle according to claim 29, wherein said 

molecular imprint molecule is capable of separating or 
resolving amino-acids and amino-acid derivatives, 
pharmaceutical compounds and polysaccharides. 

36. A particle according to claim 35, wherein said 
15 molecular imprint molecule is selected from D- and L-Boc- 

amino acids and their derivatives. 

37. A process according to claims 14 or 15, where s 
is zero. 

38. A process according to claim 14, wherein s is 1. 

20 39. A process according to claim 14, where t is 1. 

40. A process according to claim 14, wherein said 
print molecule is selected from D- and L-Boc tryptophans, 
D- and L-Boc phenylanalines , D- and L-phenylanalines, D- 
and L-Boc-proline-N-hydroxsuccinimide esters, D- and L-Cbz 
25 tryptophans, D- and L-Cbz-aspartic acids, D- and L-Cbz- 

glutamic acids, D- and L-Cbz-tryptophan methyl esters, 
nitrophenyl a and 0, D-, L-galactosides, (S)-(-) timolol, 
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« and* T D " 9aUCt0 "' Phe ^ 1 «->->» nnopyranoside, acryl 
L-PhLl r,° SldeS ' (R) -^ 1 — ■<*». Ac-L-Trp-OEZ, 

PyMePheAn, L-Pl*heAn. N-ic-I-Pha-L-Trp-OMe. diasephan, 
propranolol and ephidrine. 
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